The intergeneric hybridization betweenAspergillus niger and Trichodermaviride was studied. The fusion of protoplasts from auxotrophic mutant strains, using a polyethylene glycol solution, resulted in the formation of intergeneric fusants, the fusion frequencies being 10~5 to 10~4. The fusant strains were classifiable into two types according to their morphologies. The fusant strains of the first type formedprototrophic conidia and colonies showingan A. niger type morphologyon both the minimal and supplemented media. These fusant strains were proved to be haploids by measurement of conidial sizes and DNAcontents, and assumed to be recombinants. The fusant strains of the second type formed conidia showingthe samenutritional requirementsas those of the original auxotrophicmutantstrains used for protoplast fusion. These fusant strains formed colonies showing mixed morphologies, between those of A. niger and T. viride, on the minimal mediumand grew more slowly than the prototrophic parental strains of A. niger and T. viride. Fromthese results and those of conidia analyses, the fusant strains of the second type were proved to be heterokaryons. Mycelial protoplasts of the fusant strains of the two types regenerated on the hypertonic minimal mediuminto colonies with morphological features identical to those of the original fusant strains.
The filamentous fungus, Aspergillus niger, is the most commonly employed organism for industrial citric acid fermentation. Since A. niger lacks a sexual cycle, hybridization between genealogically distinct strains must be carried out through a parasexual cycle. Therefore, in order to develop a breeding system for citric acid-producing fungi, we attempted the intraspecific hybridization of A. niger by protoplast fusion and have succeeded in obtaining new strains with enhanced citric acid production or advantageous characters, different from those of the parental strains.2^5)
Recently, much research has been carried out in attempts to produce glucose from cellulosic materials, so as to finally produce ethanol.6'7) Manymicroorganisms have been studied with respect to the production of a cellulolytic enzyme system for industrial scale hydrolysis of cellulose, and Trichoderma is 1589 recognized as the best producer of cellulase.8)
If the citric acid productivity of A. niger and the cellulase productivity of Trichoderma were possessed by one strain, citric acid would be produced efficiently by the strain from cellulosic materials.
With the aim of developing fungi that produce citric acid from cellulosic materials, we started a series of studies on the intergeneric hybridization between A. niger and T. viride.
Wefirst attempted to break the genus barrier through protoplast fusion and to isolate intergeneric fusants between A. niger and T.
viride. In this paper, we report the properties of some intergeneric fusant strains. We isolated two types of fusant strains; heterokaryons showing mixed morphologies, between those of A. niger and T. viride, and haploid prototrophs showing an A. niger type morphology, which were assumed to be re-+ Part of this work was reported as a short communication.1} * To whomcorrespondence should be addressed.
combinants.
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Materials and Methods
Microorganisms. Aspergillus niger Yang no. 22~5) and
Trichoderma viride WU-36B9)were used as the prototrophic parental strains. The auxotrophic mutant strains induced from these parental strains by UVirradiation are listed in Table I .
Media. Czapek's agar medium (30g/1 of glucose) was used as the minimal medium(MM), and MMcontaining 2 g/1 of casamino acids (Difco Laboratories, Detroit) and 2g/1 of yeast extract (Difco) was used as the supplemented medium(SM). In the protoplast fusion experiments, MM and SMcontaining 0.7m KC1were used as hypertonic media (designated as HMMand HSM,respectively).
Preparation of protoplasts. The preparation of protoplasts from mycelia ofA. niger was carried out under the conditions described previously.
2) The method for the preparation of protoplasts from mycelia of T. viride was similar to that described previously2) with the following modifications.
Conidia of T. viride were suspended in 100ml of liquid SM at a concentration of 1 x 106/ml and then cultivated aerobically with shaking in Sakaguchi flasks (500ml) at 30°C for 24hr. Protoplast formation from mycelia of T. viride was carried out in a lytic enzyme solution containing 1.25 mg/ml of Zymolyase-20T (Kirin Brewery Co., Tokyo) and 0.625mg/ml of Chitinase-GODO10) (GODOShusei Co., Tokyo). Incubation was carried out for 2hr at 30°C and then the protoplasts were collected.
The methods for the preparation of protoplasts of the intergeneric fusants were also basically similar to those described previously.2* Mycelia of A. niger type fusants were prepared as described previously for A. niger Yang no. 22) Mycelia of heterokaryon type fusants were cultivated on cellophane membranes, using the previously described method.111 Portions (5mmx5mm) of the peripheral areas of the mycelial mats of heterokaryons, which were subcultivated on MM, were picked up and transferred onto cellophane membranes placed on MM.Cultivations were carried out at 30°C for 72hr, and the resulting thin mycelial mats were collected and used for the preparation of protoplasts.
Regeneration of protoplasts in solid and liquid media. Theregeneration of protoplasts in the solid media was carried out as follows. Aliquots ofa protoplast suspension (0.2ml) were plated on 20ml ofHMM(or HSM) containing 20g/l ofagar and then overlaid with 10ml of HMM (or HSM)containing 5 g/1 of agar, preincubated at 40°C. The regeneration of protoplasts in the liquid media was carried out as follows. Approximately 1 x 106/ml of protoplasts were suspended in 5ml of liquid HMM (or HSM) and then incubated at 30°C in a test tube with gentle shaking, as described previously.12* Protoplasts of the auxotrophic mutant strains were separately treated with a polyethylene glycol solution and then plated on the hypertonic minimal medium (HMM)and the hypertonic supplemented medium (HSM). The reversion frequency of protoplasts is shownas the ratio of the numbersof colonies regenerating on HMM and HSM.
Fusion of protoplasts. The fusion of protoplasts was carried out using a solution containing 30% (w/v) polyethylene glycol 6000 (Wako Pure Chemical Ind., Tokyo), as described previously.2} The fusion frequency is expressed as the ratio of the numbers of colonies formed on HMMand HSM.
Characterization of the strains. The fusant strains and their progeny were subcultivated at 30°C on MMor SM.
If necessary, haploidizing treatment with benomyl was carried out as described previously,5] and then the genetic stability and morphologyof the cultures were examined. The ploidy of the conidia was determined from their sizes and DNAcontents, as described previously.5) The Fusants that appeared on HMM were picked ap and then jcultivated on MMplates for 10.2% and 37.8% on HSM, respectively. The regeneration frequency for each strain is the mean value for independent 5 experiments. b Fusion frequency is expressed as the ratio of the numbers of colonies regenerating on HMM and HSM. subsequent analyses. As shown in Table II , the fusion frequencies were 10~5 to 10~4 for the three protoplast pairs. These frequencies are 1~2 orders of magnitude higher than the reversion frequencies of the auxotrophic mutant strains, and 2^3 orders of magnitude less than the intraspecific fusion frequencies of A.
niger (\.2^6.3%).
2)
The following control experiments were carried out using the auxotrophic mutant strains of A. niger and T. viride listed in Table I Conidia of each fusant strain in a petri-dish, 9 cm in diameter, were collected and plated on the minimal medium (MM)and MMcontaining leucine and/or nicotinic acid, and then cultivated at 30°C for 7 days to allow colony formation. The numbers of colonies formed on each mediumare expressed relative to those on MM containing both leucine and nicotinic acid. Values are the means for 50 independent measurements. In addition, the regeneration process of the mixed type shown in Fig. 1 type morphology were presumed to be haploids and those showing mixed morphologies to be heterokaryons. To clarify the ploidy of the fusant strains, the conidia formed by the fusant strains were analyzed. The strains of A. niger used in this study are haploids and form uninucleate conidia.5) Weconfirmed that the T. viride strains are also haploids and form uninucleate conidia by the method described previously.5) Rosen et aL16) also reported that conidia of T. viride are uninucleate.
All the conidia formed by the A. niger type fusant strains were found to be similar in form to those of A. niger on microscopic observation. The mean conidial diameters and DNAcontents of the A. niger type fusant strains were determined and compared with those of the A. niger strains. As shown in Table  IV , the conidia of this type of fusant strains were similar in diameter and DNAcontent per nucleus to those of the A. niger strains. These results indicate that the A. niger type fusant The abbreviations are the same as in Table I . The measurement was carried out on at least 100 conidia of each strain and the ranges ofconidial diameters are shown. In parentheses, the meandiameters are shown. Values determined from conidial DNAcontents are shown. Conidia of each strain are uninucleate. Conidia of T. viride M5S51, Seg-TBl and Seg-TB2 are ellipsoidal.
The conidial sizes of Seg-TBl and Seg-TB2 are almost the same as that of T. viride M5S51. Segregants were isolated from the conidia of heterokaryon strain ATH-491 cultivated on MM.
strains are haploids.
The conidia of the fusant strains showing mixed morphologies were classifiable into two forms; one was the A. niger form and the other the T. viride form. The conidia of the fusant strains after washing were plated on SMand segregants were collected by single colony isolation. All the segregants were subcultivated on SMsince they were auxotrophic. The segregants showing A. niger type morphology were nicotinic acid-requiring, similar to A.
niger Y-(b), and those showing T. viride type morphology were leucine-requiring, similar to T. viride M5S51. These properties of the segregants were stably maintained on subcultivations on SM. Moreover, these segregants were stable after haploidizing treatment, suggesting that they were haploids. Further evidence of their haploidy was obtained on conidia analyses. As shown in Table IV Formation and regeneration of the protoplasts of the fusant strains Protoplasts were prepared from mycelia of the fusant strains and then regeneration experiments were carried out. As shownin b Morphological features of this type are described in Protoplasts prepared from mycelia of the fusant strains showing mixed morphologies also regenerated on HMM, although the regeneration frequencies were lower than those of the A. niger type fusant strains, as shown in Table V . The regenerated colonies on HMM1 also showed mixed morphologies, identical to those of colonies of the original fusant strains. In liquid HMM, almost all the protoplasts showed the regeneration pattern of the mixed type, as shown in Fig. 1 There is general agreement that the genomes of closely related species coexist satisfactorily in heterokaryotic mycelia and distantly related species show a certain degree of incompatibility.23'28* The formation of viable fusants is likely to depend on the somatic compatibility between species at the nuclear, mitochondrial and gene product levels.22'28* At present, genetic and taxonomical relationships, including the degree of chromosomal homology, between A. niger and T. viride remain poorly understood. However, in the present study, viable fusants between A. niger and T. viride were obtained, suggesting that some compatibility is likely to exist between the two species.
We are presently examining the productivities of citric acid and cellulase of the fusant strains of the two types. The results will be reported in a separate paper.
